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The isolation, purification, and physicochemical characterization of the pro- 
teins of peripheral nerve  are part  of a  program of investigation of  the ultra- 
structure, chemical composition, and physiology of peripheral nerve which has 
been carried on in this laboratory for a number of years. A protein component of 
extracts of lobster nerve, "fraction A," has been isolated and studied (Maxfield, 
1951).  A  second protein component  called "axon filaments" has been isolated 
from axoplasm extruded from the giant nerve fiber of the common squid (Max- 
field, 1953). This is a fibrous protein which is believed to be the chief constituent 
of neurofibrils. Axon filaments have been shown to undergo a  change in size and 
shape with changes in pH,  ionic strength,  and with dilution. 
Axon filaments are undoubtedly axoplasmic in origin, since the material from 
which  they are  extracted  is  extruded  axoplasm. Lobster nerve extracts must 
first be systematically fractionated and the components isolated. The origin of 
the  individual components of lobster nerve extracts can  only be investigated 
after the component in question has been isolated, purified, and characterized. 
These  components  may  then  be  compared  with  similar components  isolated 
from other sources such as blood. In the course of this investigation two addi- 
tional protein components of lobster nerve extracts "fraction B" and "fraction 
C"  have been isolated and studied. Although these proteins are intimately re- 
lated to nerve they appear to originate from lobster blood. The isolation proce- 
dure and physicochemical characteristics of these proteins are presented here. 
Isolation  Procedure 
The freshly dissected nerves of the claws and walking legs of lobster (Homarus americanus) 
were rinsed  in cold distilled water, placed in potassium phosphate buffer, pH 7.7, #  =  0.1 
at 2°C., chopped  fine with scissors, and extracted in a  dialysis bag against the same buffer 
for  12 hours  in the cold. The undissolved  residue was removed  by centrifugation.  The clear 
supernate (the ultracentrifuge pattern of which appears in Fig. 1), by centrifuging  10 hours 
ta 40,000 R.P.~. in the Spinco preparative ultracentrifuge, was separated into two fractions. 
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The  sediment  (called heavy fraction),  a  gel,  containing fractions A,  B, and  C,  was  resus- 
pended in fresh buffer. One  repetition was sufficient to remove adequately the slowly sedi- 
nlenting material as demonstrated in the analytical ultracentrifuge (Fig. 2). 
The resuspended gel was dialyzed against distilled water,  to remove the phosphate, and 
was carefully titrated with a  10 millimolar zinc acetate solution. Titrations with Ca  ++, Mg  ++ 
were found not to give satisfactory separations. The end-point occurs when the first finely 
dispersed precipitate appears which does not redissolve on standing (the final concentration 
of zinc acetate varies between 1 and 4  millimolar in different preparations).  Since this end- 
point is very critical some comment is warranted. The first precipitate to appear is flocculent 
and redissolves on standing 4 or 5 minutes. Then a  finely divided precipitate appears which 
does not redissolve. If the end-point is overshot, it is better to start again with a fresh prepara- 
tion because a  second titration yields quite different results; much smaller amounts of zinc 
are required and the end-point is obscured. It has been found more satisfactory to add  the 
zinc acetate from a  micropipette than to dialyze it into the protein solution.  In the latter 
case much smaller concentrations of zinc are required.  The progress of  the titration is oh- 
FI6.  1.  Ultracentrifuge pattern  of  crude  lobster nerve  extract  in  potassium  phosphate 
pH 7.7, #  =  0.1,  60,000 R.P.M. Photos after 9,  17, and 25 minutes. 
served by repeated examination in the analytical ultracentrifuge. The precipitate is removed 
as clear, gelled sediment by centrifuging at  20,000  R.P.~.  for  1 hour in the No.  40 head of 
the  preparative Spinco  ultracentrifuge.  The  supernate  contains  only  a  single  component, 
fraction B, which is  then dialyzed against potassium phosphate buffer to  remove as much 
as possible of the zinc. 
Fraction C is prepared from the last sediment, redissolved in potassium phosphate buffer, 
by titrating with acetic acid. The first precipitate which appears,  and which is removed by 
centrifugation and resuspended in phosphate buffer, contains only fraction C. 
Physicochemical Studies 
The ultracentrifuge schlieren pattern  of crude lobster nerve extracts appears 
in Fig.  1. That  of a  much more concentrated sample of heavy fraction appears 
in Fig.  2  showing satisfactory removal of the slowly sedimenting material.  The 
components are lettered A, B, and C  starting from the fastest sedimenting con- 
centrated  component. 
Fig.  3  shows  an  ultracentrifuge  pattern  of  purified  fraction  B.  The  upper 
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detect impurities. The lower pattern from a  sample in the ordinary cell is in low 
concentration  for more reliable determination of  the  sedimentation constant. 
The  state  of purity  of  fraction  B  appears  to  be  sufficiently high  to  warrant 
physicochemical studies. 
The  sedimentation  constant  was  determined  to  be  S:o =  19.6  Svedbergs. 
The  temperature of the rotor was maintained at 20°C.  during the ultracentri- 
FIG. 2. Ultracentrifuge pattern of heavy fraction from lobster nerve extract. Conditions 
as in Fig. 1. Photos after 9, 17, and 25 minutes. 
FIG. 3.  Ultracentrifuge pattern  of purified  fraction B.  Upper pattern  from  wedge  cell 
more concentrated. Lower  pattern more dilute from  regular cell.  Conditions  as in Fig.  I. 
Photos after 9, 17, and 25 minutes. 
fuge runs by the method of Waughand Yphantis (1952)  so that no temperature 
correction was necessary. The variation of sedimentation constant with protein 
concentration  was  negligible  over  the  concentration  range  examined.  The 
specific  viscosity  [(~/n0)  --  1]  of  the  dilute  solutions  used  was  found  to  be 
negligible. 
The diffusion constant  of fraction B  was determined in the 2  cc. cell in the 
Pearson electrophoresis apparatus at 1.2°C. (Fig. 4) and in the Spinco apparatus 
at 0.8°C., in potassium phosphate buffer pH 7.7,/z  =  0.1. The diffusion constant 
of fraction B  corrected to  20°C.  is D20 =  4.5 >(  10  -7  cm.2/sec.  The  diffusion 282  TWO  PROTEINS  PURIFIED  FROM  LOBSTER  NERVE  EXTRACT 
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pattern is symmetrical. This indicates the absence of marked dependence of the 
diffusion constant on concentration of protein. Insufficient material was avail- 
able for the determination of the partial specific volume of fraction B,  which 
was assumed to be 0.74. 
The molecular weight of fraction B  calculated from sedimentation and diffu- 
sion  (and  the  assumed  V)  is 4.2 X  l0  b.  The  frictional  ratio is fifo  =  0.95. 
This indicates that the molecule is very nearly spherical and that it cannot have 
a  great deal of water of hydration. The error inherent in the measurement  of 
the diffusion constant is such that some water of hydration or some assymetry 
is still possible. There is no evidence at the pH's studied (from pH 6.0 to 8.5) 
that fraction B  dissociates into smaller molecules or associates into larger ones. 
TABLE I 
Summary of Physical-Chemical  Data 
Fraction B 
Sedimentation constant ....................................  s~0  =  19.6 Svedbergs 
Diffusion constant .........................................  /)2o  =  4.5  X  10-Tcm.2/sec. 
Molecular weight ..........................................  M  =  4.2 X  105 
Frictional ratio ...........................................  fifo  =  (0.95) 
Ultraviolet absorption maximum ............................  278 mu 
Electrophoretic mobility in cm./sec./v./cm. 
pH 7.7 .................................................  9.7 X  10  -5 
pH 6.0 .................................................  3.5 X  10  -5 
Fraction C 
Sedimentation constant ....................................  s~0 =  13.2 Svedbergs 
Ultraviolet absorption maximum ............................  278 m/, 
Fraction B  also behaves as a  single component on electrophoresis. Fig. 5  (ob- 
tained in the Pearson electrophoresis apparatus)  shows a  small amount of im- 
purity. Aside from this impurity there is no evidence for asymmetry or splitting 
of the  electrophoresis peaks. The  mobilities of fraction B  in potassium phos- 
phate buffer are shown in Table I. 
The isoelectric point of fraction B  is somewhat lower than pH 6.0.  Fraction 
B  undergoes isoelectric precipitation below pH  6.0  at ionic strength 0.1.  The 
electrophoretic behavior of fraction B  has been checked in the  Spinco electro- 
phoresis apparatus with schlieren and Rayleigh interference optics. 
The  ultraviolet absorption spectrum of fraction B  appears in Fig. 6.  Maxi- 
mum absorption is at  278  m#.  All absorption can be accounted for as amino 
acid absorption. There is no evidence for the presence of nucleic acid. Solutions 
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Fraction C 
The ultracentrifuge pattern of purified fraction C  appears in  Fig.  7.  Under 
the  same  conditions  as  those  for  fraction  B,  the  sedimentation  constant  of 
fraction C  is s~o =  13.2  Svedbergs. 
A summary of physicochemical data on fractions B  and C appears in Table I. 
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FIG. 6. Ultraviolet absorption spectrum of fraction B. 
FIG. 7. Ultracentrifuge pattern of fraction C. Conditions  as in FIG. 1. Photos after 9,  17, 
and 33 minutes. 
Relationship  to Blood Proteins 
Localization within the normal neuron of the severa] proteins obtained from 
lobster nerve extracts is difficult. Comparison, for example, with the ultracentri- 
fuge pattern of lobster blood is insufficient for identification of these proteins. 
The pure protein must be isolated from both lobster nerve extracts and from 
blood. In this connection it is interesting to note  that  the sedimentation con- MYLES  ~IAXIeIELD  AND  ROBERT  W.  HARTLEY,  JR.  285 
stant of fraction A does not correspond to that of any component in the ultra- 
centrifuge pattern of whole lobster blood,  but does correspond closely to the 
sedimentation constant of purified hemocyanin in solutions of similar concen- 
tration isolated from lobster blood. Furthermore fraction A  dissociates at pH 
8.5  into smaller molecules, as does lobster hemocyanin. These findings suggest 
that fraction A and hemocyanin are identical. However, one must then account 
for the differences in the absorption spectra of these proteins (see reference 1). 
The absorption spectrum of fraction A  was measured in oxygenated solution. 
It is known that the copper is easily removed from hemocyanin and this may 
conceivably account for the differences in the spectra. 
Similarly fraction B  cannot be identified with a  component of whole lobster 
blood. However, a component can be isolated from lobster blood which has the 
same sedimentation constant as that of fraction B.  It is interesting  that the 
isolation of this component from blood is extremely difficult, the yields are very 
poor, and the degree of its purity is not so high as in the case of fraction B from 
nerve extracts. The ratio of concentration of fraction B  to fraction A  is very 
much higher in  crude nerve extracts than  this ratio is in lobster blood.  This 
suggests that nerve preferentially concentrates fraction B. 
The sedimentation constant of fraction C  lies near those of several compo- 
nents of crude lobster blood. It has not yet been possible to isolate fraction C 
from lobster blood directly. However, if hemocyanin is isolated from blood, and 
brought  to pH 8.5,  it dissociates.  A  smaller component appears which  has a 
sedimentation  constant  similar  to  that  of fraction  C.  Fraction  C,  however, 
appears to be stable in pure solution at pH 7.7 and lower. 
DISCUSSION 
The protein nature  of fraction B  is suggested by its ultraviolet absorption 
spectrum and its electrophoretic behavior. 
The sedimentation constant of fraction B  has not been materially modified 
by the use of zinc in its isolation. An alternative but less satisfactory isolation 
procedure has been devised in which the use of zinc is avoided. A solution con- 
taining fractions A and B and small amounts of other components can be ob- 
tained from crude nerve extracts by differential ultracentrifugation. If this solu- 
tion is brought to pH 8.5, fraction A dissociates. Fraction B can then be isolated 
by further differential ultracentrifugation.  Fraction B  prepared by either pro- 
cedure has the same sedimentation constant.  Comparison with the electropho- 
resis pattern of whole nerve extract, which has not been exposed to zinc, sug- 
gests that the electrophoretic behavior of fraction B  is not greatly altered by 
the zinc, after exhaustive dialysis to remove as much of the zinc as possible. 
Fraction B does not appear to be a dissociation product of hemocyanin. Dis- 
sociated hemocyanin has no component with a sedimentation constant resem- 
bling that of fraction B. Fraction B does not dissociate at pH 8.5 or associate at 
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SUMMARY 
1.  A protein component, fraction B, of lobster nerve extracts has been iso- 
lated  and  purified  by differential  ultracentrifugation  and  precipitation  with 
zinc acetate. 
2.  Physicochemical data obtained from this protein and from fraction C are 
summarized. 
3. Fraction B is present in lobster nerve extracts in higher concentration (rela- 
tive to fraction A) than in blood. 
4. A second component, fraction C, of sedimentation constant s~0 =  13.2 has 
been isolated from lobster nerve extracts. 
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